1 in 35 families tested.8 Functional studies of the calcium release channel in planar lipid bilayers9-11 and radiolabeled ryanodine binding studies 12-14 support
alignant hyperthermia (MH) is generally Mconsidered to be a pharmacogenetic disease that predisposes to an anesthetic agentinduced hypermetabolic syndrome that is sometimes associated with global skeletal muscle rigidity. The only anesthetic agents currently considered safe for MH-susceptible patients include nitrous oxide, narcotics, barbiturates, propofol, and all local anesthetic agents. Only nondepolarizing skeletal muscle relaxants should be used. Although the hypermetabolic state with severe skeletal muscle rigidity is often thought of as classic MH, this disease may be seen in benign forms and may have more than one etiologic basis.
Case Report
A 4-year-old boy with a history of transposition of the great vessels, aortic valvular regurgitation, muscle cramps, lactose intolerance, and recurrent ear infections had received anesthesia on three occasions for placement of pneumatic ear tubes. During the third procedure, which included adenoidectomy, bilateral myringotomy, and pneumatic ear tube placement, the patient received nitrous oxide/oxygen and halothane for anesthesia. No muscle relaxants were used, and anesthesia was uneventful, with normal oxygen saturation, heart rate, temperature, and end-tidal CO,.
Postoperatively, myoglobinuria developed, and the creatine kinase level rose to 40,000 IU/L. The patient was referred to our institution for diagnostic contracture testing of biopsied muscle for MH susceptibility and for further neurologic work-up. Seven months after the anesthetic-associated rhabdomyolysis, a biopsy of vastus lateralis muscle was performed, and the in vitro contracture responses to caffeine and halothane were positive for MH. Histologic and histochemical evaluation of the muscle revealed foci of increased phosphatase activity, increased myophosphorylase activity, and occasional atrophic fibers but no evidence of central cores or of atrophic features. These observed abnormalities were interpreted as being mild.
Is MH a single disease entity or does it have a multifactorial basis? Is there a common factor that causes MH, and can the amount of the factor vary among the population? The most common finding in MH is that biopsied skeletal muscle produces abnormal contracture when exposed to caffeine or halothane. 1,2 The abnormal contracture responses occur not only in humans but also in muscle from genetically predisposed pigs' and dogs.4 Now a reasonable amount of evidence supports a theory that the primary cause for these contractures is an abnormality in the regulation of Ca2+ in affected skeletal muscle cells. In pigs, MH is inherited as an autosomal recessive trait, and a single amino acid substitution in the 650-kD subunit of the ryanodine-binding calcium release channel is associated with MH susceptibility in this species.5 The gene predisposing to MH in humans is on chromosome 196,7 near the locus of the gene for the ryanodine-binding calcium release channel. However, linkage studies for the pig mutation in humans has been observed only for a defect in the protein molecule in humans and pigs.
Although the MH mutation in pigs may be limited to a single amino acid substitution, this is clearly not the case in humans. What are other possible defective sites that could produce the same end result (ie, an abnormal sustained increase in myoplasmic Ca 2+)? .
If it is assumed that the MH defect occurs somewhere in the excitation-contraction coupling pathway (Figure 1 ) from depolarization of the sarcolemma to Ca2+ release from the terminal cisternal membrane of the sarcoplasmic reticulum, what are some of the possibilities? Resting membrane potentials for MH muscle appear to be normal,15 as does the action potential. 16 Sodium channels studied in cultured myoballs revealed a possible abnormality in MH muscle, 17 but further studies are needed to determine the significance of this finding. The first identified structural unit in excitation-contraction coupling to be affected by the action potential is the dihydropyridine (DHP)-sensitive calcium channel residing in the transverse tubule (T-tubule). The exact function of the DHP-sensitive calcium channel is unknown, but it is generally thought to communicate FIGURE 1 Illustration of certain elements in the excitation-contraction coupling pathway. Depolarization of the sarcolemma sends an action potential downward along the transverse tubule membrane that contains the DHP-sensitive Ca2+ channel. Juxtapositioned to four DHP channels is a ryanodine-binding Ca2+ release channel in the terminal cisternal membrane of the sarcoplasmic reticulum. The ryanodine-binding Ca2+ release channel is thought to be the major Ca2+ release pathway for initiation of contraction. The DHP channel is thought to communicate in some way (via Ca2+) with and initiate opening of the ryanodine channel. The ryanodine channel is regulated by several ligands including Ca2+, adenosine triphosphate, and calmodulin. in some manner with and regulate the ryanodinesensitive calcium release channel of the terminal cisternal. Binding studies of radiolabeled DHP to the T-tubule calcium channel from MH pig muscle have suggested but not confirmed a defect,18 and at present it is not possible to say an abnormality exists. Human MH and normal single muscle fibers were isolated for the measurement of current through the DHP-sensitive channel, and preliminary studies revealed a decreased amount of current through the channels in MH muscle.l9 Such findings, if corroborated, could indicate either a defect in this channel or down-regulation by a defect in the ryanodine-sensitive calcium channel. Bay K 8644, an agonist for the DHP-sensitive calcium channel and for T-tubule sodium channels, activates isoflurane contractures only in MH muscle '20 suggesting an abnormality either in the T-tubule channels or in the response to signals released by these channels in MH muscle. How the T-tubule DHP-sensitive calcium channels and the ryanodine-sensitive calcium channels of the terminal cisternal membrane of the sarcoplasmic reticulum communicate is a mystery in normal excitation-contraction coupling and may also hold a key to the cause(s) for MH.
Although the mutation in pig ryanodinesensitive calcium channels is uncommon among MH-susceptible human families, this does not rule out this protein as the defect for MH in humans. The ryanodine-sensitive calcium channel is a large protein molecule composed of four homologous subunits, each with a molecular weight of 560 kD. The calcium channel gating and conductance properties of this channel are regulated by several ligands including Mg2+, Ca2+, adenosine triphosphate, calmodulin, and anexins. Such a large protein molecule with so many regulatory sites provides the possibility that different mutations of the same molecule could produce the same end result, namely an abnormal increase in myoplasmic Ca2+. This possibility, along with similar possibilities for other key proteins (ie, DHP-sensitive calcium channel, Na+ channel) having a mutational change that would alter Ca2+ regulation, suggests that solving the molecular biologic mysteries of MH will require a great deal more research.
Among the neuromuscular diseases, central core disease is the only one for which current evidence supports a relationship with MH. 21, 22 The gene for central core disease is located on chromosome 19 and in close proximity to the gene for the ryanodine receptor protein.23 The King-Denborough syndrome, characterized by progressive myopathy in young males who exhibit low-slung ears, short stature, pectus carinatum, cryptorchidism, and kyphoscoliosis, has been associated with MH .24, 25 The occurrence of MH-like anesthetic events in Duchenne muscular dystrophy patients and MH-like diagnostic muscle contracture responses has drawn speculation about a possible relationship between these diseases, but not all Duchenne-affected patients tested have abnormal MH contracture results.
It is notably interesting that among seven asymptomatic patients with unexplained increases in serum creatine kinase levels, three had MH-positive contracture results,26 suggesting that this group of patients requires further study.
